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PROBLEM TO BE SOLVED: To obtain a piezoelectric filter which can be miniaturized 
even when the step number of its ladder circuit is increased. 

SOLUTION: The piezoelectric filter 10 includes a substrate 30 having holes 34, 36. 
On a dielectric layer 38 formed on the substrate 30, electrodes 40, 42 and a first 
piezoelectric-substance layer 44 are formed. An electrode 46 is so formed on the 
first piezoelectric-substance layer 44 as to oppose it to the electrodes 40, 42. On 
the first piezoelectric-substance layer 44 and the electrode 46, dielectric layers 
48, 50 are formed. In the positions opposed to the hole 34, an electrode 52, a 
second piezoelectric-substance layer 54, an electrode 56, and a dielectric layer 58 
are formed successively on the dielectric layer 48. Above the hole 34, the 
piezoelectric resonators including the stacked first and second piezoelectric- 
substance layers 44, 54 so form the series-connection side of a T-type ladder 
circuit, and the piezoelectric resonator including the first piezoelectric- 
substance layer 4 4 which is formed above the hole 36 so forms the parallel- 
connection side of the T-type ladder circuit as to configure the piezoelectric 
filter including the T-type ladder circuit. 

COPYRIGHT: (C) 2002, JPO 



Previous Doc 



Next Doc 



Go to Doc# 



http://westbrs:9000/bin^ 3/2/05 



CUOH+WHW (J P) 02) & fH ^ ffr & 31 (A) 




(P2002-217676A) 
(43)&BB TO4^8H2B(2002.8.2) 



(SDInta 7 
H0 3H 9/54 
9/17 
9/205 



FI 

H03H 



9/54 
9/17 
9/205 



A 5 J 1 08 

F 



SBElfcR *HfcR »«JH<Z)»8 OL (4 8 1) 



(21)fflH»# 


f$H2001-8515(P2001 -8515) 


(n)tftOA 


000008231 










(zooms 


¥«13*P 1 n 17 B (2001. 1.17) 




SCB*fifglCCm^»=TB26#10^ 






(72)3W» 










^8J&SWfiC*^«c:TB26#lO# «3C 














(72)3»#g 










«!W&fiPll}C*X#z:TB26#10# «SC 














(74)ftifflA 


100079677 








#a± no ±s 






F^-A0*#) 5J108 AA07 BB04 BB07 0001 DD01 








DD02 DD08 DD07 DD08 FF02 








FF04 JJ01 



(54) BSfl©«#] ffi«7<f Jl* 



(57) imn 

irnmm Em7-<;^io{i, ?L3 4, 3 6** 

-rs»£3 0£#tf. Mg3 0±tcjft£$*i*:f8»wi 
3 8±fc. 1ffi4 0.42 il/SI l <f)BMWM4 4 £ 
^l<0E«*14 4±tcmffi4 6S-»jSL. 
Sffi40. 4 2fc*tfi$-£&. m<0JE«fWi44iiJ: 
tX«g4 6±fciim«4 8, 5 0^^-S„?L34 
C*»5-rSftgfcfcVvC. ii«(^4 8±fc:. «ffi5 
2. ®2c7)ffim»54. «S56. l|fEWl58£HI 
?L3 4±fc:i3V^T«*ata^»tifeSgl<0E 
HfWf 4 4 fcSB2 5 4 £^tfffit«P#e 

aawsfu ?L3 6±t»js?ixfcmi^ffim<wi4 4 




(2 

1 

9X&->X. 

[11*13] rofaESftS^^^-lHl^^^ 

i»iaEm«S7«> 3 mmmwm: 
m-<fyytn< 1 *> 2oja±*5a»aiaf>nyt:ajt5r#t 

£<fci2oJ,:U:;^*Mia£*i*:. 1 LH 
^30Vv?ftipfciBgfc7)EEm:7 -f . 

mm<omiEm&&?<?&%< 1 1 1 

£< fc *> 2o£Uiamaiaii>ix*:. iRPS 1 LIS! 

¥wmjm&$iz\mB*fttth&n<m®xb~> 
x. mmwtvmzr. mmoxftuiz&v&m 

£m-ix^izk*imt-t&. m$%4ttti.m 

[0001] 

hu tzbinm<r>Ewm?zyy-miz& 



I ^2002-217676 
2 

[0002] 

[«*^SJ ffig*S7£flJ^TES:7 * )V9 1 £Jg 

js-r*^ Hiotiprridfc. m.^m^m-2 
mm&£vmizyy-wizmmti&. 

«S?>£E«*JB72kL HI Hz^tXoiz. lotOS 

«M4Mij«s*u mmmA uzmww& 5 *^ 
j£§*u s^>tffi«*a6±tcsii^)«e7*«§^ 

£. *U\ «ffi7±fc:g|1«Wi8*9Bj£S*u 3ER2 

m-2^ mioiiz^xoiiz^y-mmmK. ee 

[0003] 

imwffikLXok-t&mmi znx 
amy <wzmifrhmto&mm&zmsLk£.&m 

[0004] th**^ z<mw7)&z&mii. 5 

[0005] 

r-Sk^^Lfv:E«7>f;^-CAoT. -f-ivefioEE 
2ffliJLliS^Sia^fL^«jti&^fr4 . EES? -f yk^T 

mbi-hzbirxzz>. tfz. mmmwyy-m, 
zmmmLxmfS&tih&xy < iv?xh->x. ?y 

w>*< b 1 2^xktm*n.tzt>ixfzm&b ixt> 

ftS^^^T-ffiJ^^ii. -fO«ig?<^^< b *> 2 

W>i< b t, 1 ollb^M^ftfi^ft^TiiS 
8*U %<F>mrt<?&ts:< b 1 2 oJa±A^^ttfcf>fL 

IS^S^- H^ffiffl LfcE®tjrFT& 0 . EMM? 

wrnit&nmzistsk o iz&mzti&z b mt l 



3 

fc{t£Emfl«0«*£tfcU:i:£. ¥Sr# N r^2 
Ot/n«£ffl{;:;fcSC:fc#JffaU\ 1SS<0 

tooo6i 2fflja±oflE«*s^^ff^i6jta*a 

fcS £ b t J: <5 . £TcoEfK»£¥ffl±fcM£E 
*S?Od*>. ttfllB<9E1t£«^^*fifa£iT.£. 

mansm}m?<ryj?tc < 1 t> ioj,xt*i@a<o«£ 
Txm&thzt&x-z. tomw^z 

<ki> 2~?&±i:m*mt3iX&&?& Z t iJ t T^ t . e 

ttzi<). zsmnmmaz&^xw&zmzitx 3 

t-rhl><r>X-t>h. dtf>i:K n»FE-K<Dfiij£fflV» 
r^20t/ntf)£fflfci-Sifc£J:D. ±S 

[0007] £<Df&Hj|cD±iE<D@w, *<Dfl!lcOBW. ® 

w&xvmmi. mzmiiLxftoaTcom<?>$m 

[0008] 

(ry-m&m-mwx-bz. smy^^io^ m 
tmzti£2'?<7)g.mm?i2, 1 a ztit> 
<r)m^m-\2, i4mma. m&mgm? 1 



(3) ^2002-217676 

4 

Sgl8tCjg83*u ES£«?1 6 #^382 0 £88 
S*lT. TS^E«7 1 0#fi§J«$fl$. 
[0009] CKOid^rES^-f^lOtt. 02fc* 
•tiofc. fcfcttf <ioo> Sig«30££tr. m 

53 0O-3riBfcttg§«ftJf 3 2*9Bj£$fi.. mSftB 

3 2fcJ:tXS1S3 0t?L3 4. 3 6*^fi!t?^l.. 3£> 
fc. fflR3 0<OffirfiTffi^:®tCt±. ?L3 4 . 3 6 £S5 
idtLT gIBfWl 3 8#JBl£$ . 

[00 10]§&mJf 3 8±fc»L 2O£0«ffi4 0, 4 
10 2#JBjft$*l£ . -HVWkA 0 tt. SK3 0<9-3gfig 
*»t?L34±fc:gtfSJ:dfcJft£S:JiS. Afcfiw 
fS&A 2li. g«3 0<OffliSffl*^fL3 6±.izmVZ>£ 
otzBtfLZtlZ. Ztlt>0MXkAO, 42t5ixmrn» 

B38<o±tji. mv>iBm®4 4tmfiLZtiz>. m 

ltf>Emfcfl44»i. ?L34, 3 6±^adidfcJgj£ 

[ 0 0 1 1 ] m 1 <7)E«*«4 4±fc«. «ffi4 6 *gg 
JiESftS. «S4 6«. ?L3 4 . 3 6?)4'i*ia5fc*ttS-r 

20 #*&fc#J5^*efit:i3irVC. mi^E«*S4 4$- 
fitCTmffi4 0, 4 6*««|6rr&J:3fc:m$nS. * 

iL3 6v*!mizMm-mmztmx. ^i<oe 

««c!44^g^CT«fii4'2, 4 6*«»riO-rSJ:aK^ 

[ 0 0 1 2 ] $ ?L3 4±fc*il»vc. m 1 <oEm* 

54 4&£Vm&4 6<r>±£.Wm#m4 8WBl8.ZtL 

h. $.iz, K3 6±iza^x. mioEm*e4 4tj«k 

4 8±tc«. w&52im^tt. z<nm&5 2tfm. 

30 «c«4 8. 5 0cOlStte^Taffi4 6t:«g$flS. 
[0013] «g5 2±W±. m2c7)E«*«54*qg 
fi)t$n6. $i?>{C, ^2<0Em«54±{C«. «S5 

6*qgjft$*i.s. -efc. ?L3 4^)+*a5t:*tiS-ri»[a 

SKfeV^T. ffi2«E«*»5 4^^-CSfi5 2. 5 
6^|»rtSJ:dt»J«$il.S. «S5 6±(C 

[00 14] gW«cB32. 38. 48, 50, 58<0 
»flt UTfcL tfcx.tf S i O2, SiN,/qi/7? 

x (mmm) . r^s^t'^ffl^^s. it. e 

40 1(4(14 4, 54W«fltLTJ±. tt^KZnO, A 

in, r?ym.is)vu>m%fc}L& 

m^tlh. W&A0. 42, 46. 52. 56 
totmtLXte. tlttlSAl. Au, Ag. Cu&f 
MB^6it&. ?L34, 36li, ^txl^S30<0- 

fcfcliOm^fLS. Cl^idfcL-C. 7L3 4, 36± 
50 [0015] i<0ES7 < )V9 1 0T*«, Sg4 0#A 



(4 

5 

}jigl8fcUCfflV^*U WBk5 6tfiHJli&2 0bLX 

my * jv? i oim&ztn> . 02 iz^ttmomny 

12, 1 4#. ?L3 4±fc«*Wa*>*t£ J: 5 icftjftS 

[0016] mwyj ry y^m.<Dmwm^^m^ 
xm i izm-x o £E«7 A**imtt*6* wsl 

m&ZKxvy-mzm&tix^t:. *titzm,x. 

zcoEmy < M 1 O-Ctt. K^^^iiTtEBftS^ 
12, 14>!^*Sfc£fiSJ:3£^j£3:ftXv^jt 
tf>. 2oW?L34. 3 6<0±t3o«0E«ftg?l 2. 

14, 1 6 cifctf-e^s. *cofi:#>. m& 
ttfx-th. 

[0017] z\co£d%tm<r)Bmyjti'?iocom 

10E««cfl44J3j:^2<OE««c«5 4<0«ffi«|6l 20 
S-C4itSia^)!i!fOfi@fc:E*«t«4 4, 54£SiB 

k>. &Mttm.iftt&Emyjfr?t?&zt&xz 

[0 0 18] 01fc«ktXH2tc*3ixSE«7^ 

*?io& lS^r-^-ow-e&s* 5 . z(dxo 
KmmmjmmmstLy-r-yiwtLxhz. 30 

±m*nhhzttfx'*. ±x<r)Tmm-*wift\,zm 

6. n<fc(n=l. 2, ■ • SR) OJS* 

Sia&«o©coffiSfcES«c«^iiffra^fcfc:J:0. & 

ttttmzn-r&EMy 1 o£#s::fc#T£ 

[0019] 03K*^-J:dtC. wS<DEm7^ 40 

w\ v*mtfrhz\b\>x%h. zcosmy 4 fit 1 
oxit. Ajj%i 8tftjj%2otrt®iz. wmomm 

=F6 2£itLX&mZtl. aj^2 0AiEffiftS?6 4 

[00 20] d^ia^Em^^^l OOfitiifcL 
t> H4t*fJ:dfc. S«3 0±fcJg«$tl^gm«c 
Jl3 8±fc, W&7 0imf8.2tlZ>. «S7 0«. ?L3 
4fflJ^3gg|!*^?L3 6Wt»i*g|ItWI5-rSfig*T-gtf 

«ffi7 OfcitfgtmWf 3 8±t 50 



1&P2002-2 17676 
6 

m<oEmfWf7 2#»j£$*t&. sikdebwi 

7 2±(Cli. 20<0«ffi74, 7 6#J&i!c3iT.S. -# 
o«fll74Ji. ?L3 4»#^fctfJS^&fim:jE&£3 

•rsfiigA^igi<7)E««s«7 2<o3gaiKai^ai$<t& 

J:3«ttfiSn*. Ltitf^X. H34<0^^izm 

■rumxa. m i (ommm 1 2 *m,xwi 0 . 
1 AmmhXoxm&tih. ztc. ?L36o+* 
&ttt&thffigm. miv>Kmi*m7 2&&A,xn 

S7 0, 7 6tfm\-t&£dtz&fSLiSti&. 
[0021 ] «S74, 7 6ti£tfm<DBm 

tm7 2<?>±xz\^ mrn&m7 8imi8.zti&. z.<m 

«Wf 7 8±fc<±. ?L3 6<0«t«ifea5t»iS-rSfilfflt« 

ffi803Wg«§n&. «r^«g8oti. rnmm7 8co 

SS^^aioT«ffi7 6(C^S#lS. *LT. ?L3 6C0 
4»J^{c^-rSfiStctJV^T. ttS8 0fcJ:tf!8m 
S78cD±fc«. 3S2tf>E«Wl8 2jWg|£3*l.*. $ 
£»tc, ?L3 6<o*i^fc#JS^S&8fc:fcvvc v £2*) 
EmJf8 2±{=«ffi84#JBJi!t$*l&. 
$B2*>E«fWI82S:J*X/e. «ffi8 0, 84*W0-f 

zxuzmti&tiz. *ix. m2<r>Em*m8 2&£ 
t^«S84±t:. rnm#m86tfBiiiztii>. 
[0022] z<nXo%fflHoB.n.y<>u?i oxa. 

mffi7 0*S7Jj«18fcLTffll^il. TO74. 84 
#a}#«2 0fcLTJfl<-^*U>. 4ft;ti76 P -80 
*>\ SMfflfcLTfflV^nS. Z<r>£ots;Emyi)V9 
1 OCfcV^-Ci. M^J»C^$ilSE«ft»f 6 2 , 6 
4a^afe£*lfcfi§Jii:&oTV^*:tf>. /j^om^ 1 

[002 3] <Ico£33:Em:M/l^l Ofc:fcVvCt>. 

«*«aeat>L<ii«A-r^<3Si(K02<g»^fflv\ e 

«*«7 2, 8 2Z*mx±lhWmr>®<r)tiLWiz&S. 
•thZkizX*). m%m&)E&y 4)V9Z%hZb 

&x%h. xm^y-mmmLmmmLt: 
Emy<f\s?tixi>£\,\ z<n^h. mmm. m 
wmms>& wimmmztu-z&WF 5- 2ffltui«^fi 

iaS Z b VXZ . fflSJtlJ^fi&r S i 0 t/J^^HS ^ 

ihm^®<om.£Bm*hzbmzu\ KLt. 

TI> jra^^-^-f/^^Sr^LJt^ ng ( n = 
1.2. - ^S) <7)LS5r-7 <^KiJ^Tt>, 
5iJ^fcS v^±M^^S^ES*S?Sra^itiaT 

[0 0 24] 05(3^- J: dtc. TS<0E«7-f 
1 0 tefc wc . itt9>HS^E«ft®? 12. 14i>J: 

^.tSfi^llIffi^^TVvSrv^E^ag^tSttLT 



(5 

7 

®»t>8£UCa»a*>&v\ Z<?>Em7<M10T 
tt. EM£m?l 2ifi2r><r>$m-\2a., 12bT*t 
^$tl. E€«F14*«2oOS»14a. 14b 
TUtj£S*U EB*«?1 6#2o<7>£*? 16a. 1 
6bT'fl§j£$ixT^I>. 

[0025] d=3rES7 -f 1 OOfltJtfc L 
@6t3j^\J:3fc. S«3 0t3oco?L9 0, 9 
2. 9 4#»j£$*l&. Clix^^fL90, 92, 94S: 

&.?L9 0, 92. 94fc*tJ5-r&ftgfci3Vv?\ 10 
f>W13 8±fclJ. Sffi9 6, 9 8. 10 0#m$*l 

h. ztit><rm&9(>, 9 8. ioo±&XTmmim 
3 8<o±tcii. is i ommm 102. sB2<9Emtt« 
104 tjii^ig3 nsmm 1 0 6*geBJt$ii&. 
[oo26]^i<oes«csio2. m2<r>Em#mi 
0 4 . m3^)£Es«c« 1 0 6±c:ii, -en-mms 1 0 
8, 110. 11 2tm&&tih. ztit>cr)n&i 0 

8, 110, 11 2t«Bi9 6, 9 8. lOOfctt. * 
*ve*l?L9 0. 9 2, 94<0+*S5fc#i6-fS<aBfci3 
tvt % E»M10 2. 104. 10 6£tfLT*f|firT 20 

[0027] 3£>(C. «gl 08, 110. 112i>J: 

tf£Em*wiio2. i04, io6<o±tc«. mfwi 
114, 116, 11 8&Bfg.2ti&. ztit><r>mmk 

All 4, 116. 1 18±£tt. t*l-?Kffil2 
0, 122. 124ifflfSLZil&. Ztlt>0M&l 2 
0. 122. 12 40fftfilll Wmiffll 14, 1 
16. 1 18<0fflffiS-MoT. «ffil0 8. 110. 1 
12lzW£2tlh. 

[0028] it:. *ffil20, 122. 124fcJ:tf 30 
S&mfcJf 114, 116. 11 8tf>_tfctt. 3540ES 
(4dl26, &5<r>Tmm 1 2 8tJ«J:^6cOffi««c 
JI13 0#J&j£3*il>. Clfi^ESftJl 1 2 

6, 128. 130±fcli. «S132. 134. 13 
6tffijS&iXh. Ztlt><7M&132. 13 A, 136 
fc«ffil20, 122. 124fc«. -e*l<?*l?l90, 

92. 94<?)*#Miziiijstiimiz}}\i>x. ffmiwi 

126. 128, 13 0£:frLTtt|6rtSJ:3fc3j£;3 
3otf0«gl32. 134. 136#, 

M\->izmmztii. 40 

[00 2 9] ZcryXdZEAyjfrfl OTfcL «S9 
6*JA*Sgl8i:LTfflV^il. «ffil 0 0#a}*3Sfc 
20t 1/CJBV>&*1&. *BI98#. WmtL 

it. m-WwoEmm? 1 2 2-*o*jg? 1 

2a, 12bWL9 0±«Rfc&*U E®&1714£ 
fltjfct* 2-505ft«? 14a. 14 b**?L9 4±fc»j£ 

it:. mmEmgmi6*m&tzEm 

*E«?16a, 1 6b#?L9 2±.t;y&£3iU. 

[0030] z0)Xo%mfg7 4t\'9ioxit. &m 50 



iHfH2002-2 17676 
8 

^12a. 12b, 14a. 14b. 16a. 16b£ 
mmico±izmSiLt:^^itKX. X&ffif&Mn 
X*.-X*\/2\iZ-?hZtifX'%h. Z<?)£otZ. n 

mmmzmstzts^xL. mLm&ttmx-m 
b&ztizi-yX. >mvm z f L t-rizttf s x$&. 
i o o 3 1 ] TWcoyy-mi&vmmii £ts& 
nm<7)Rwm?z&&<vm^xi®tth%&. mi 
izip-tx o fc. mwmFf- zmizimt * £ 1 1 * 

0.#ffi«ftS I F12. 14. 1 6£ffij£LTt>J:V\ 
t,t.^.E«yg?12. 14, 16Wfft*lo 

vjjfiimcvmrtzx hmmmz^x warmest 
m&t>miLx£\,\ it:. ffltLVtimromm 
mx%<. mmi>mtELxx*,\ zt>iz. *®?) 

jy-mt&lZ&^X i> . #ffSft« I F6 0 , 6 2. 64 
£«8W>£jg?-6 0 a . 60b. 62a. 62b. 64 
a. 6 4 bTfiUfctS <r<9^ 08K 

SrTidt:. mL<r*m?£WmizimtZ> Ztlz£-> 
T«ffiraS?6 0. 62. 64£fi|j£L-Ct>J:^U 

m9izfr&£o£. mL<mm-zm&m*hz\t 

fcJ:-vC#Em*S r f6 0. 62. 64£$j£l/Ci>J: 
0T$>~>X i> . *tl? tl<QEn&m=F 6 0 , 6 2. 64 
nEW? iMtThz\kWXZh. cwmz. Wk 

ffy^m-x^Em^m-imm-h^. znzncoE 

[0032] zcox o tcmL^m^x-Enxm-zm 
»iw*i-^»3ieao2f&»?rfflvK Emm 102.1 

04. 106. 126. 128. \ 3 0**mX&.ti> 

mtm^mmz^th^zii*), m%m?>E 

iistnmyy-mftiiimwmimi. wm.<»E 
m7j)V?tLXt>£^ztiimoi?i>%^. itz. 
mn-mfrhtu-z 2 mn.^m^x'Ewm^mss.-t 

&^ n«?E-Mn=l. 2. • • • SS) 

mx±i&mw®<r)®miz&m.-t&c\tmi u\ 
[0033] zix^(r>mxfflmi>L<\smx--?^<)m 

mco n»?E- H LJtES7 ^ Mr 1 0 ttJ^T . 

gr#, rS20t/n^^B8(C&Sit^»iU^ 
[0034] Em^tr^SSS-mLfcE^e^F 



(6) 



002-2 17676 



1 0 



-ro. jyK-yyxcomm&mk&^x:. prom 

w&t'bZK-r&zktxo. imm^zrvrxm 
mzm-Xoizix^Ktf. ZCDEM7 dv? i o-e 

mmaz&^Ti&m£.*mzit£ o k-tzhoxbh. 

[0 0 3 5] doidfc. SffiSS-^<i-S^fcfc:J: 

nmmzs^xwy&mzithzktfxzh. .ro 

mt&nm/mvym** 1 1 u n»:*- h ( n = 
i,2, • - s&) <vm>£m^&®£. r^2ot 

[0036] 

^-f^OlK&OniXt-K (n=l, 2, • - ■ g»> 

*-f (n=i. 2. - • -sn) aymzm^hM 

r^2 0t/nco«Hi:i-SC:tt:J:0, X7»J7 

k-thZk1fiX-*&. 
[0ffitf>fS#$:ii«Pi] 

[hi ] zamicDEX? .< fr?<r>-mt:^-t®s&mx' 
hi, 

[02] Si < ^^<^fB5^*t1RffiHM 
0-Cj>£>. 

[H3] zmmnm,? < w<m<nm : *$wm 

[04 ] 03 IzJrctm,? < )V?<nffil?i*^-mmWM 



[05] rmyy-ms&zm^fiiEMyifrftzto^ 
■tmrnx-bz. 

[06105 iz^-tsMy < wcDtmmtmmM 
mx-ht. 

[07] Tfi5r-BW&JB*vfcEE*:7*/l<*fcSH 

10 [H8] *£?4 r H3ft£JI!v>fcff<7-fA'?££» 
-nU»0-CJ)S. 

[09] jtw^y-mviizm^Em.? 4>v9\zt5^ 

[0io] z<r>mcoimk*&imy i w<r)--m* 
*fmffi0-e&5. 

[01U01 oi=*r*-£E87 * >v?<r>mt<r)\m.<?y- 

20 [fiP^lWBl 
10 

12, 14. 16 £E«ft«=F 
30 

32, 38, 48, 50, 58 g«ttJl 
34, 36 ?L 

40, 42, 46, 52. 56 
4 4 &14>£BfMI 

54 m2v>gmm 

60, 62, 64 
30 70, 74. 76, 80, 84 

72 moEtWB 
78, 86 mmm 

8 2 gS2tf>E«ftJf 
96. 98, 100 Bffi 
102 mi«£E«*Ji 

104 m20)E.m#!M 

106 

108, 1 10, 1 12 W& 

114. 116, 118 rnmfom 

40 120. 122. 124 
126 $40>Eg4M 
128 B5tf)ff*flc« 
130 S*6<7)EEfKfcJl 
132, 134. 136 



(7) 



#§H2002-2 17676 





(8) 



*tg§2 00 2-2 17 676 



[07] 



10 i2a 



TO 



[08] 

60 
60a 60b 

44\- 



20 



Kb 

16b 
16 



62 



|62b^-Jb= 



T 



10 



[09] 



18 



60a «° 



i 



~| 60b J[ 



20 



62 



'X. 



64b 



64 



S^64a^ 
4b i 



64 



i i 



[H10] 



V 



[HI 1] 



Page 1 of 6 



' * NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the piezo-electric filter which connected two 

or more piezo resonators to the ladder mold about a piezo-electric filter. 

[0002] 

[Description of the Prior Art] When forming the piezo-electric filter 1 using a piezo resonator, as shown 
in drawing 10 , two or more piezo resonators 2 are connected to a ladder mold at a serial and 
juxtaposition. In this case, two or more piezo resonators 2 are formed according to the individual on one 
substrate 3, as shown in drawing 1 1 . That is, a dielectric layer 4 is formed on a substrate 3, and two or 
more electrodes 5 are formed on a dielectric layer 4. And the piezo electric crystal layer 6 is formed on 
these electrodes 5, and another electrode 7 is further formed on the piezo electric crystal layer 6. And a 
dielectric layer 8 is formed on an electrode 7, and two or more piezo resonators 2 are formed on a 
substrate 2. These piezo resonators 2 are connected to a ladder mold as shown in drawin g 10 , and the 
piezo-electric filter 1 is constituted. 
[0003] 

[Problem(s) to be Solved by the Invention] However, when a piezo-electric filter is formed using such a 
piezo resonator, it is necessary to form on a substrate a number of piezo resonators which constitute a 
piezo-electric filter. Therefore, there was a problem that a component was enlarged, so that the number 
of stages of a ladder increased. 

[0004] So, even if the number of stages of the main object of this invention of a ladder increases, it is 

offering the piezo-electric filter which can be made small. 

[0005] 

[Means for Solving the Problem] This invention is the piezo-electric filter which connected two or more 
piezo resonators using thickness longitudinal oscillation or a thickness skid oscillation to the ladder 
mold, and each piezo resonator is a piezo-electric filter with which it has the structure where the 
electrode was formed in both sides of a piezo electric crystal, and a part of two or more piezo resonators 
have the structure accumulated in the thickness direction at least 2 or more sets. In such a piezo-electric 
filter, it is the piezo-electric filter formed by carrying out cascade connection of the ladder of a piezo 
resonator, and can consider as the structure where at least two or more of the piezo resonators which 
constitute a ladder of the piezo resonator by the side of a serial were accumulated. Moreover, it is the 
piezo-electric filter formed by carrying out cascade connection of the ladder of a piezo resonator, and is 
good also as structure where at least two or more of the piezo resonators which constitute a ladder of the 
piezo resonator by the side of juxtaposition were accumulated. Furthermore, it is good also as structure 
where consisted of combination of the resonator of plurality at least one or more of the piezo resonator 
by the side of a serial among the piezo resonators which constitute a ladder, and at least two or more of 
the resonators were accumulated. Moreover, it is good also as structure where consisted of combination 
of the resonator of plurality at least one or more of the piezo resonator by the side of juxtaposition 
among the piezo resonators which constitute a ladder, and at least two or more of the resonators were 
accumulated. Furthermore, in such a piezo-electric filter, a piezo resonator is a piezo resonator which 
used the higher mode of thickness longitudinal oscillation or a thickness skid oscillation, and it is 
desirable to be arranged so that a piezo electric crystal may include the location of the knot of an 
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oscillation. Moreover, in such a piezo-electric filter, a piezo resonator is a piezo resonator using the n-th 
mode (n is the natural number) of thickness longitudinal oscillation or a thickness skid oscillation, it is 
the configuration of the arbitration which connotes a round shape, and when thickness of a piezo electric 
crystal [ in / for a circular radius / r and the opposite section of an electrode ] is set to t, it is desirable [ a 
piezo resonator ] that the flat-surface configuration of the electrode which counters through a piezo 
electric crystal is circular, or that a radius r is in the range of r>=20 t/n. Furthermore, you may make it at 
least two or more resonance frequency of two or more resonators which constitute each piezo resonator 
from two or more resonators in the piezo-electric filter which constituted the piezo resonator by the side 
of a serial and the piezo resonator by the side of juxtaposition differ slightly. 
[0006] By accumulating 2 or more sets of piezo resonators in the thickness direction, superficial 
magnitude of a substrate can be made small compared with the case where all piezo resonators are 
arranged according to an individual on a flat surface. For example, with the piezo-electric filter which 
carried out cascade connection of the T mold ladder, the piezo resonator by the side of a serial is 
accumulated among the piezo resonators which constitute T mold ladder. Moreover, with the piezo- 
electric filter which carried out cascade connection of the pi mold ladder, the piezo resonator by the side 
of juxtaposition is accumulated among the piezo resonators which constitute pi mold ladder. 
Furthermore, in T mold ladder or pi mold ladder, at least one or more can be constituted from two or 
more resonators of the piezo resonator by the side of a serial, or the piezo resonator by the side of 
juxtaposition, and at least two or more of the resonators can be accumulated and formed in that case. By 
arranging so that the location of the knot of the oscillation by the piezo electric crystal may be included 
as a piezo resonator using what used the higher mode of thickness longitudinal oscillation or a thickness 
skid oscillation, effect of the oscillation produced by resonance can be made small, and the piezo- 
electric filter which has a good property can be obtained. In the piezo resonator in which the 
counterelectrode was formed to both sides of a piezo electric crystal, in the frequency characteristics of 
an impedance, when thickness of the piezo electric crystal of r and the electrode opposite section is set 
to t for the radius of a circular electrode, it turns out that the principal vibration and the spurious 
oscillation separate, so that r/t becomes small, and a spurious oscillation approaches a principal 
vibration, so that r/t becomes large. Then, you are going to make it resonate certainly in the frequency of 
a principal vibration by centralizing a spurious oscillation near the principal vibration by enlarging the 
diameter of an electrode enough. When using an oscillation of the n-th mode at this time, it can be made 
to resonate certainly in the frequency of a principal vibration by considering as the range of r>=20 t/n. In 
addition, when each of the piezo resonator by the side of a serial or the piezo resonator by the side of 
juxtaposition is constituted from two or more resonators, you may make it the resonance frequency of 
those resonators differ slightly. 

[0007] The above-mentioned object of this invention, the other objects, the description, and an 
advantage will become still clearer from detailed explanation of the gestalt of implementation of the 
following invention performed with reference to a drawing. 
[0008] 

[Embodiment of the Invention] Drawing 1 is the circuit diagram showing an example of the piezo- 
electric filter of this invention. The piezo-electric filter 10 contains two piezo resonators 12 and 14 by 
which the series connection was carried out. The connection of these piezo resonators 12 and 14 is 
grounded through another piezo resonator 16. And a piezo resonator 12 is connected to the input edge 
1 8, a piezo resonator 16 is connected to an outgoing end 20, and the piezo-electric filter 10 of T mold is 
constituted. 

[0009] Such a piezo-electric filter 10 contains the {100} Si substrate 30, as shown in drawing 2 . A 
dielectric layer 32 is formed in the one direction of a substrate 30, and holes 34 and 36 are formed in a 
dielectric layer 32 and a substrate 30. Furthermore, all over the another side side of a substrate 30, as 
holes 34 and 36 are covered, a dielectric layer 38 is formed. 

[0010] Two electrodes 40 and 42 are formed on a dielectric layer 38. One electrode 40 is formed so that 
it may extend on a hole 34 from the end side of a substrate 30. Moreover, the electrode 42 of another 
side is formed so that it may extend on a hole 36 from the other end side of a substrate 30. On these 
electrodes 40 and 42 and a dielectric layer 38, the 1st piezo electric crystal layer 44 is formed. The 1st 
piezo electric crystal layer 44 is formed so that hole 34 and 36 top may be covered. 
[001 1] An electrode 46 is formed on the 1st piezo electric crystal layer 44. An electrode 46 is formed so 
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that the location corresponding to the center section of the holes 34 and 36 may be connected. Therefore, 
in the location corresponding to the center section of the hole 34, it is formed so that electrodes 40 and 
46 may counter on both sides of the 1st piezo electric crystal layer 44. Moreover, in the location 
corresponding to the center section of the hole 36, it is formed so that electrodes 42 and 46 may counter 
on both sides of the 1st piezo electric crystal layer 44. 

[0012] Furthermore, a dielectric layer 48 is formed on the 1st piezo electric crystal layer 44 and an 
electrode 46 on a hole 34. Moreover, a dielectric layer 50 is formed on the 1st piezo electric crystal layer 
44 and an electrode 46 on a hole 36. An electrode 52 is formed on a dielectric layer 48, and this 
electrode 52 is connected to an electrode 46 among dielectric layers 48 and 50. 
[0013] On an electrode 52, the 2nd piezo electric crystal layer 54 is formed. Furthermore, an electrode 
56 is formed on the 2nd piezo electric crystal layer 54. And in the location corresponding to the center 
section of the hole 34, it is formed so that electrodes 52 and 56 may counter on both sides of the 2nd 
piezo electric crystal layer 54. Moreover, a dielectric layer 58 is formed on an electrode 56. 
[0014] As an ingredient of dielectric layers 32, 38, 48, 50, and 58, Si02, SiN, Pyrex (trademark), an 
alumina, etc. are used, for example. Moreover, as an ingredient of the piezo electric crystal layers 44 and 
54, ZnO, A1N, barium titanate, titanic-acid lead zirconate, etc. are used, for example. Moreover, as an 
ingredient of electrodes 40, 42, 46, 52, and 56, aluminum, Au, Ag, Cu, etc. are used, for example. Holes 
34 and 36 are formed by removing some substrates 30 by approaches, such as anisotropic etching and 
RIE. Thus, the piezo resonator of diaphragm structure is formed on a hole 34 and 36, the electrode 
opposite section turns into the oscillating section, and it vibrates with the resonance frequency 
corresponding to the thickness of the oscillating section. 

[0015] With this piezo-electric filter 10, an electrode 40 is used as an input edge 18, an electrode 56 is 
used as an outgoing end 20, and an electrode 42 is used as an object for touch-down. By considering as 
such structure, the piezo-electric filter 10 of T mold as shown in drawing 1 is formed. With the piezo- 
electric filter 10 of the structure shown in drawing 2 , the piezo resonators 12 and 14 to which the series 
connection of the T mold circuit was carried out are formed so that it may be put on a hole 34. 
[0016] When a piezo-electric filter as shown in drawing 1 using the piezo resonator of the conventional 
diaphragm mold was formed, three holes were formed in the substrate, the piezo resonator was formed 
on each hole, and it connected with the ladder mold. Since it is formed so that the piezo resonators 12 
and 14 by which the series connection was carried out with this piezo-electric filter 10 to it may be 
accumulated, three piezo resonators 12, 14, and 16 can be formed on two holes 34 and 36. Therefore, 
compared with the conventional piezo-electric filter, it can consider as two thirds of chip sizes. 
[0017] In the case of such a piezo-electric filter 10 of structure, thickness longitudinal oscillation or a 
thickness skid oscillation is used, and the resonator of energy ****** type is formed in the electrode 
opposite parts of the 1st piezo electric crystal layer 44 and the 2nd piezo electric crystal layer 54. In the 
case of the piezo-electric filter 10 of structure as especially shown in drawin g 2 , by arranging the piezo 
electric crystal layers 44 and 54 in the location of the knot of the oscillation produced in resonance using 
2 double wave of thickness longitudinal oscillation or a thickness skid oscillation, the effect by the 
oscillation produced in resonance decreases, and it can consider as the piezo-electric filter which has a 
good property. 

[0018] In addition, although the piezo-electric filter 10 shown in drawing 1 and drawin g 2 is one step of 
ladder filter, it is good also as a ladder filter which carried out cascade connection of two or more such 
circuits. In this case, two or more piezo resonators to which parallel connection of the two or more piezo 
resonators by which a series connection is carried out is accumulated and carried out can also be 
accumulated, and the miniaturization of a component can be attained compared with the case where all 
piezo resonators are formed according to an individual. In this case, the piezo-electric filter 10 which has 
a good property can be obtained by arranging a piezo electric crystal layer in the location of the knot of 
the oscillation produced by resonance using the n-th thickness longitudinal oscillation (n= 1, 2, ... 
integer) or a thickness skid oscillation. 

[0019] Moreover, as shown in drawin g 3 , the piezo-electric filter 10 of pi mold can also be formed. 
With this piezo-electric filter 10, the serial piezo resonator 60 is connected between the input edge 18 
and an outgoing end 20. Moreover, the input edge 18 is grounded through a piezo resonator 62, and an 
outgoing end 20 is grounded through a piezo resonator 64. 

[0020] As structure of such a piezo-electric filter 10, as shown in drawing 4 , an electrode 70 is formed 
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on the dielectric layer 38 formed on the substrate 30. An electrode 70 is formed so that it may extend 
from the edge by the side of a hole 34 to the location corresponding to the center section of the hole 36. 
On an electrode 70 and a dielectric layer 38, the 1st piezo electric crystal layer 72 is formed. Two 
electrodes 74 and 76 are formed on the 1st piezo electric crystal layer 72. One electrode 74 is formed in 
the location corresponding to the center section of the hole 34. Moreover, the electrode 76 of another 
side is formed so that it may be pulled out by the edge of the 1st piezo electric crystal layer 72 from the 
location corresponding to the center section of the hole 36. Therefore, in the location corresponding to 
the center section of the hole 34, it is formed so that electrodes 70 and 74 may counter on both sides of 
the 1st piezo electric crystal layer 72. Moreover, in the location corresponding to the center section of 
the hole 36, it is formed so that electrodes 70 and 76 may counter on both sides of the 1st piezo electric 
crystal layer 72. 

[0021] Furthermore, a dielectric layer 78 is formed on electrodes 74 and 76 and the 1st piezo electric 
crystal layer 72. An electrode 80 is formed in the location corresponding to the center section of the hole 
36 on this dielectric layer 78. This electrode 80 is connected to an electrode 76 through the edge of a 
dielectric layer 78. And in the location corresponding to the center section of the hole 36, the 2nd piezo 
electric crystal layer 82 is formed on an electrode 80 and a dielectric layer 78. Furthermore, in the 
location corresponding to the center section of the hole 36, an electrode 84 is formed on the 2nd piezo 
electric crystal layer 82. Therefore, the 2nd piezo electric crystal layer 82 is pinched, and it is formed so 
that electrodes 80 and 84 may counter. And a dielectric layer 86 is formed on the 2nd piezo electric 
crystal layer 82 and an electrode 84. 

[0022] With such a piezo-electric filter 10 of structure, an electrode 70 is used as an input edge 18, and 
electrodes 74 and 84 are used as an outgoing end 20. Moreover, electrodes 76 and 80 are used as an 
object for touch-down. Also in such a piezo-electric filter 10, since it has the structure where the piezo 
resonators 62 and 64 connected to juxtaposition were accumulated, it can consider as a small 
component. 

[0023] Also in such a piezo-electric filter 10, the piezo-electric filter of a good property can be obtained 
by arranging the piezo electric crystal layers 72 and 82 in the location of the knot of the oscillation 
produced in resonance using 2 double wave of thickness longitudinal oscillation or a thickness skid 
oscillation. Moreover, it is good also as a piezo-electric filter which carried out cascade connection of 
two or more pi mold ladders. Also in this case, like the above-mentioned, a series connection or two or 
more resonators by which parallel connection was carried out can be accumulated, and a miniaturization 
can be attained rather than it forms according to an individual. Moreover, it is desirable to arrange each 
piezo electric crystal layer in this case in the location of the knot of the oscillation produced in resonance 
using the thickness longitudinal oscillation in the n-th mode or a thickness skid oscillation. As 
mentioned above, although the example of T mold and pi mold ladder filter was shown, also in n steps 
(n= 1,2,- integer) of L type ladder filters, a series connection or the piezo resonator by which parallel 
connection was carried out may be accumulated. 

[0024] Moreover, as shown in drawing 5 , in the piezo-electric filter 10 of T mold, each of the piezo 
resonators 12 and 14 by the side of a serial and the piezo resonator 16 by the side of juxtaposition may 
consist of series circuits of two or more resonators. Of course, the piezo resonator which is not a series 
circuit by two or more resonators may also be intermingled. Moreover, not only the series circuit of two 
or more resonators but a parallel circuit may be intermingled. A piezo resonator 12 consists of two 
resonators 12a and 12b, a piezo resonator 14 consists of two resonators 14a and 14b, and the piezo 
resonator 16 is constituted from this piezo-electric filter 10 by two resonators 16a and 16b. 
[0025] As structure of such a piezo-electric filter 10, as shown in drawing 6 , three holes 90, 92, and 94 
are formed in a substrate 30. As these holes 90, 92, and 94 are covered, a dielectric layer 38 is formed on 
a substrate 30. In the location corresponding to holes 90, 92, and 94, electrodes 96 and 98,100 are 
formed on a dielectric layer 38. On these electrodes 96, 98,100, and a dielectric layer 38, the 1st piezo 
electric crystal layer 102, the 2nd piezo electric crystal layer 104, and the 3rd piezo electric crystal layer 
106 are formed. 

[0026] On the 1st piezo electric crystal layer 102, the 2nd piezo electric crystal layer 104, and the 3rd 
piezo electric crystal layer 106, an electrode 108,1 10,1 12 is formed, respectively. In the location 
corresponding to the center section of the holes 90, 92, and 94, these electrode 108,1 10,1 12 and 
electrodes 96 and 98,100 are formed, respectively so that it may counter through the piezo electric 
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crystal layer 102,104,106. 

[0027] Furthermore, a dielectric layer 1 14,1 16,1 18 is formed on an electrode 108,1 10,1 12 and the piezo 
electric crystal layer 102,104,106. On these dielectric layers 1 14,1 16,1 18, an electrode 120,122,124 is 
formed, respectively. Each of these electrodes 120,122,124 passes along the side face of a dielectric 
layer 1 14,1 16,1 18, and is connected to an electrode 108,1 10,1 12. 

[0028] Moreover, on an electrode 120,122,124 and a dielectric layer 1 14,1 16,1 18, the 4th piezo electric 
crystal layer 126, the 5th piezo electric crystal layer 128, and the 6th piezo electric crystal layer 130 are 
formed. Furthermore, an electrode 132,134,136 is formed on these piezo electric crystal layers 
126,128,130. In the location corresponding to the center section of the holes 90, 92, and 94, these 
electrodes 132,134,136 and electrodes 120,122,124 are formed, respectively so that it may counter 
through the piezo electric crystal layer 126,128,130. And three electrodes 132,134,136 of each other are 
connected. 

[0029] With such a piezo-electric filter 10, an electrode 96 is used as an input edge 18, and an electrode 
100 is used as an outgoing end and 20. Moreover, an electrode 98 is used as an object for touch-down. 
In such a piezo-electric filter 10, two resonators 12a and 12b which constitute the piezo resonator 12 by 
the side of a serial are formed on a hole 90, and two resonators 14a and 14b which constitute a piezo 
resonator 14 are formed on a hole 94. Moreover, the piezo resonators 16a and 16b which constitute the 
piezo resonator 16 by the side of juxtaposition are formed on a hole 92. 

[0030] With such a piezo-electric filter 10, the tooth space of the resonator formation section can be set 
to one half compared with the case where each resonators 12a, 12b, 14a, 14b, 16a, and 16b are formed 
on the hole according to individual. Thus, when it constitutes the piezo resonator by the side of the serial 
of a ladder, and juxtaposition from two or more resonators, it can consider as a small component by 
accumulating two or more resonators. 

[003 1] In addition, when it constitutes the piezo resonator by the side of the serial of the ladder of T 
mold, and juxtaposition from two or more resonators, as shown in drawing 7 , each piezo resonators 12, 
14, and 16 may be constituted by connecting two or more resonators to juxtaposition. Of course, the 
piezo resonator from which any one or more are not a parallel circuit by two or more resonators of piezo 
resonators 12, 14, and 16 may also be intermingled. Moreover, not only the parallel circuit of two or 
more resonators but a series circuit may be intermingled. Furthermore, also in the ladder of pi mold, 
each piezo resonators 60, 62, and 64 can consist of two or more resonators 60a, 60b, 62a, 62b, 64a, and 
64b. In this case, as shown in drawing 8 , by connecting two or more resonators to a serial, each piezo 
resonators 60, 62, and 64 may be constituted, and as shown in drawing 9 , each piezo resonators 60, 62, 
and 64 may be constituted by connecting two or more resonators to juxtaposition. Even if it is the piezo- 
electric filter 10 which has such a pi mold ladder, it can consider as a small piezo-electric filter by 
accumulating two or more resonators which constitute each piezo resonator 60, 62, and 64. Thus, if the 
resonance frequency of two or more resonators which constitute each piezo resonator is made to differ 
slightly when forming each piezo resonator by two or more resonators, since the spurious location 
(frequency) of each resonator will shift slightly, if these resonators are connected, it can make spurious 
one of a piezo resonator small seemingly. 

[0032] Also in the piezo-electric filter 10 which constituted. the piezo resonator from such two or more 
resonators, the piezo-electric filter of a good property can be obtained by arranging the piezo electric 
crystal layers 102, 104, and 106,126,128,130 in the location of the knot of the oscillation produced in 
resonance using 2 double wave of thickness longitudinal oscillation or a thickness skid oscillation. 
Moreover, cascade connection of two or more T mold ladders or pi mold ladders is carried out, and it 
cannot be overemphasized that it is good also as two or more steps of piezo-electric filters. Moreover, 
when it constitutes a piezo resonator from two or more accumulated resonators, it is desirable to arrange 
each piezo electric crystal layer in the location of the knot of the oscillation produced in resonance using 
the thickness longitudinal oscillation in the n-th mode (n= 1, 2, ... integer) or a thickness skid oscillation. 

[0033] In the piezo-electric filter 10 using the n-th mode of such thickness longitudinal oscillation or a 
thickness skid oscillation, it is the configuration of the arbitration which connotes a round shape, and 
when thickness of a piezo electric crystal [ in / for a circular radius / r and the opposite section of an 
electrode ] is set to t, it is desirable that the flat-surface configuration of the electrode which counters 
through a piezo electric crystal layer is circular, or that a radius r is in the range of r>=20 t/n. 
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[0034] In the piezo resonator which formed the counterelectrode in the piezo electric crystal layer, in the 
frequency characteristics of an impedance, when thickness of the piezo electric crystal layer of r and the 
electrode opposite section is set to t for the radius of a circular electrode, it turns out that the principal 
vibration and the spurious oscillation separate, so that r/t becomes small, and a spurious oscillation 
approaches a principal vibration, so that r/t becomes large. Although he was trying to separate a spurious 
oscillation from a principal vibration by making the diameter of an electrode small, you are going to 
make it resonate certainly in the frequency of a principal vibration by centralizing a spurious oscillation 
near the principal vibration by enlarging the diameter of an electrode enough with this piezo-electric 
filter 10 conventionally. 

[0035] Thus, an impedance can be made small by enlarging the diameter of an electrode, and moreover, 
since a spurious oscillation concentrates near the principal vibration, it can be made to resonate certainly 
in the frequency of a principal vibration. When the radius r of the electrode which can acquire such 
effectiveness set thickness of the piezo electric crystal layer of the opposite section of an electrode to t, 
and an oscillation of the n-th mode (n= 1, 2, ... integer) was used, and it was in the range of r>=20 t/n, it 
was confirmed experimentally that the above effectiveness is acquired. 
[0036] 

[Effect of the Invention] According to this invention, in the piezo-electric filter using the ladder of a 
piezo resonator, it can consider as a small piezo-electric filter by considering as the structure which 
accumulated a part of piezo resonators. At this time, it can consider as the piezo-electric filter which has 
a good property by using the n-th mode (n= 1, 2, ... integer) of thickness longitudinal oscillation or a 
thickness skid oscillation, and arranging the piezo electric crystal layer of a piezo resonator in the 
location of the knot of the oscillation produced by resonance. Moreover, when setting thickness of the 
piezo electric crystal layer of r and the opposite section of an electrode to t for the radius of an electrode 
and using an oscillation of the n-th mode (n= 1, 2, ... integer), it can consider as the piezo-electric filter 
which has a good property with little effect of a spurious oscillation by considering as the range of 
r>=20 t/n. Furthermore, by forming a piezo resonator by two or more resonators, and shifting the 
resonance frequency of each resonator slightly, spurious one of a piezo resonator can be made small and 
it can consider as a piezo-electric filter with little effect of spurious one. 



[Translation done.] 
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